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based on microeconomics. 
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Ji. J.Y.Hui. R.M.Karasan(Cj;l) TGoS-Based Pricin 
g and Resource Allocation for Multimedia Broadband 
Networks! S#Rg©Cli:). h^7 4 S*$n 
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-r-5«t5ic^©yju-^-ey7-r-»y$n^„ jian 

giJordankt. ■KffilHfgg. HI&SKbund 1 e) . RZfifcmm 

ft#«flt^5-r-»y««i*iii*^to-e-fc(i996^« 

ffCDIEEEINFOCOM' 96, ^-^888-895f'IEm$nfcH. Jia 
ngtS. Jordan© TA Pricing Model for High-Speed Net 
works with Guaranteed Quality of Servicej £#Jg© 

[0 0 11] Krishnamurthy, Little. StfCastanon 
«. a-tfj&t. tSte©^^^— tf©g:££iSg^l5<j i( 
lr^ST^^^7-r->>ySte*^LT^-5(1996^ 
^©Multimedia Systems 4:328-337iclBS$n/cA. Kr 
ishnamurthy, T.D.C.Little. ;&tfD. CastanonKiS Ta 

Pricing Mechanism for Scalable Video Deliveryj & 

t. wsowosTSwiSEUiM-jt^Kistis. 

[0 0 12] 

[0 0 13] #IC. ^TOWSfcttfflflf, ±TO^-f 5/ 
^Ic43(t§ (3-;i^-7K5y->3>-a>hn-7) 
3*jfS/g>3H«NMn (CAC) tcrSjtt^nTV^. n. 

IDOCACiiX-fyfOiTOn^^ya >t'*fr-5 

ttflH&BMftTSttfc, &8±<z>£-CACtte. CAC© 
[0 0 14] ftoT. CACfc«fc.57:/D-?Ktt, A 
[0 0 1 5] 
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«aBWje-r**^k:-€-©spijffl*fi«3-a-a. for, 
teicsjsu jl— tf©Q 0 syn!7 7"r;Kca^iT-?- 

[0 0 16] £tTO±T*«J«T#*t^3 

(1) ^»©^gBtt©rtS-fb 

(2) WalrasianT«ICt3tt^Jp^{ffi*g©||S 

(3) Pareto-optimaIT££&¥&#fS:©g!5ig 

(4) a-if(ci^TOQoS«S*ft 

(5) SaBottBMtWttsQoS^D??^*© 

(6) B*W©««K:j:i), 3.— tf*»6©l»Bojeft:S|g 

(7) {i^ftu ff#-r*»#*«/hfl:r*iit 

(8) H^^^y^O^-f^fcft^UftViWBi©*/*. 
[0 0 17] *%91<Z>«4&$;Ktttt£^TTI»W-r 

a. 

[0 0 1 8] #BWa*ELT, h 

•3-— tf ^SiLT^^X-f y ?©7 n-fHIWctt LT. 

[0 0 19] **W<D-*ltO»IBTtt. »&©*>;/ h 
• yD-^3*t. *tgfc©:x~ 1flC^L.X*30. #1 
Jgl ©^>y r"7— ^ • ^D-^dt^g i ©3.—- 
*fJ«LT*3D. Sg2©*.> h>7-^ • yp— ##|g2©. 

m 1 <d=l— *f\zm?z>Qo s 7D7?-f 1 ©^- y 

■»«»S*2 ©a— !f^©^K!cM^-r-5S8SW$B*^ 1 
3.— !f*^^l ©^>^ • 7u-t)\z, m&<D» 

*Hr>»««IOtt*»«L. ^l©X-f ^^*^^1© 

©a— tf©^-n-e*n©«®^M-r-5^, m 1 ©^.-if 

m\zm-3\,*x. «in©ffi/sjiss-jss?-r-5„ -?-©^. sg 
i©3.-if^^^2©^— »ftc^uT. s*?$nfe«iig 

[0 0 2 0] *%BJWSlJ©^J|©Jg{ i g|;^^ TtJ> 
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15 

©;w &mme>mte&ffiffim&, mio^y 
frrs. 

[0 0 2 1] *^^C05ICSlJ©Hig©^Si(Ci3ViT«. 

[0 0 2 2] p'.m=p'. + C' ( (bw' r .,, -a • 
BW ,.,.,) / (a • BW ,.,.,) ) 
ZZX\ p'.,,tt, H£r&©tifi&JLH, p'.tt, ^©X 

•f s»^CfiW*»«*OS«E©4B». BW tt, 

y^Oflf««*«, bw 1 ,,,,!! -tO^-f yf 1 10 

•5. 

[0 0 2 3] *589!«!)HC»J©*lfi©»iBK:*V»Ttt, 
^ i ©a— if** £ ^ 2 coa— if ^©BfjeejJSS&a^feJt 

©sn. Htc s§2©x-f yfsa«t 

©*•;> h«7-£ • 7o-#fccfc&3Si!St<£fflji«£Jf!2© 

x>r ? ?©*n^n©sffi«*j«tt*cs:3v»T»« 

[0 0 2 4] *3BMO5Elr»J05miO»«»4. -tE*« 20 

■ 7d-#ic*#lt. »jfirc*n*n©«ttiiii*ja«» 

£igfTf **>©-?&*>. 
[0 0 2 5] *3BMOHfcgi]©*ifiO»*fc*V>Ttt, 

*»lt?©«K*»3e-r<5C:t!fl«Tf**. C©»*tT?tt. 

h"7-^ • ^U—fiifi. S'J©i^SS©ffi^t©lt«<& 30 

ffn, «t>*fr©avi«**a*r*, • 

[0 0 2 6] *^^©MCSlJ©Hifi©JgffiJCi3ViTtt. 

tt*rtBWfc-r*. IP'S, ft«&llM?©*9SiH::.fc*«*'s 

©*«&#**-*. wk. h9-^ • yo-*n 

SB 1 ©a— tfjjt* 2 oa- y* 'scar*© UT, 

Sft©ffi»a«*««*i:©j:5fca6fb-r**»*^»b. 
[0027] *^bj«, mtt<Dmmii£ : b\z-?z>Kmv> 

[0 0 2 8] 

««*«Walrasiaii¥«feaiJ*-r*^t©BEW, 4MF&Par 
elo-optimal^mi-iiMT-S^te, h7 
-*RtXh^7W 7? • 9^ 7&&mLt—>5.?.l — -> 50 
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a>»* <ra*©cACftftt©tfctt*£tr) fc«ijirr 

[0 0 2 9] *^BJtC«t-5, C©7D— ftJU^ffiJi, 5 
I'tt. m HcjjVf <fc 5 tea.— 9\ h>7— ^ • — 

* (NB) , Rt^X-f ^^©SOWgB^^ffi-r-S. 31 

a*, ^utrttflM**©^^ -»yicjsauTMiii-r 
#*«ttK , iKTr*!*v»9ii3a:©T, »f»«-©te 

[0 0 3 0] PS^tlfcMilltCttbTte, h7-^© 

fc. #R©w»e#u *©tt»fc«E^T*s&fc*H* 

©ffit&Jcj^i;T^*^^.€.n^*-& ; bfe-5. uns© 

[0 0 3 1] *y h'7-i7S:ffiffib«t-5i:-rs^--1f 
tt, *y h7 — ^ ■ ^"D-* (NB) ^LT©^7 

y h"7-^©JBa5©WK:iB«sn*. 

[0 0 3 2] NB«rL— +PiC*fbTX— i?x> h <h bT 
tt«U 77 r >Jir-5'g>B*t«**li« , r*. NB 
tt. £©fif?S£ffifflbT. 3.— »f©«*fcJl^5«-©« 
££^•5. 3-— tf^©g|&«, NBat3R«E©£fliaflE£ 
^flE©flB»TiBiBcbTi— tftCBI^-r-5fc». * — 9 — 
4«TV»*. NBtttfc, sfe^ftSliat©*^^^ 
b . 3.— if Ti^CDjgiJI £g*Plf !JfflT# 5 «fc 5 \Z? Z> . 

gioiwfsnsi, a.— v\*-$<\zmm*m%iT 

5 d tatT^S. ^»-*»*JW«^©affl (signal ing) « 

[0 0 3 3] T.-iy^t. itl- tfJCg*3na=.i: 
{C^*«iS*#bT^*. C©fc*. gjgttiE-©5FS© 

;i/T* (BP , 6«i©»«'i:fll«*SS»-r«i:t<e<) 

^^7^6©**Stt. tefcit^#b^^. ffb^ffi 
»*«IHL$n5t. -5-©jSSS*fiefflbT^«NBfC-5-© 

[0 0 3 4] Sit. y^-fyVytlSfa. 

ti^^ns. c:ne.©^r&fc{4. «^.tf, H^©iS8Si9: 

[0 0 3 5] H^©i^S§K:^$-^ffl-rs«'&. NBIt 
«»©«»#&«»£»&■*■* HiJWfc<^. ClobAc^ 
«»C4J^Ttt, 0*JA«NB*<. ^©S^^nfc«^IC^ 
oU? h7-^ir^bT3-;U • -fey h77^S*S 
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#T£-5„ ffiTj, ^©^©^©X-f y^t, ft&© 

B(C«^©&&l;:§IT3»&ilffi/{><£#©&©£LTffi 
tt$tl-5o 10 

[0 0 3 6] %%^>h,. Z.^Vtz9m\t, *£S&±©|gl 
©X'f y ? 1 >Wffi&j|»£ii#rr&g*;!}©X-1' y^tb 
0, -£©*«g©X^<y3 1 j4t)l&±©#©X^-y3 L K'ttlfc 
jl«£Jf#;U -?-©#©X--r y^tt. g#Oflfi*St^l 
©X-f ^©iM&S'ji^iC&WX-r s/^tCjfttU -^© 

&8S©»&©x-r y^izmm-?z>3L-?mm<Dmw&mo 

5IU ^©S&©X^y3 1 ri<ig&£#:©ffiteJMi : &NB 

B^ttfeif^^#^)7ts6»C3— ;i/ • -fey 
%kmtZ>!$!Mifiti.^h(D'X:hZ> 0 l^U NBIt NB 

ffit&BS*t2SbT*5<^*iab^>„ N B a*#3£©/18g 

[0037] &\z. mfttv>m&WLfe<D<pfr*>m3&&misi 

& 5 iilS&©«££ it** U -ewf^egfeflB^S^eVife 30 

o*awr*«t-5«j«*nT«r»*'bo**iL*. nb 

t. NBte-?-©«18&£. -£-*ia*gt>ffi|&©<£^jilg§T$> 
&IS©&-5Sgl©«IS&£^x-;/:?U -e©igSS€rSS?-r 

[0038] *&wizjzz77'{ i/>tfjjmziz. 

-5f'J^*-5. Sglte. NBTitO.— tf(C«feoT, 40 

n^m^^'uo z\tT-$>2>. d©c:i«, n.— • tftcrg^ 

[0 0 3 9] x-r y^lcWUT. *»^ 7 h 

[0 0 4 0] mWROifr-l ->>y^&«. Walrasian 
fiSt^JUCSt^vrn*. ffi&te, *OX-f y^t* 
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^xmm-znz (zwrnrnzmTz-z ztzmmttmm 

tt. 1982^. Dryden Press j^SfgfT S*l£R. Lef twich 
StfR.Eckert© TThe Price System and Resource Alio 
cationj 2r#Bg©di:) . COtfJHJ, Pareto-optim 

Wi. *©UMBS«ffl-r*€rNBKSI«*n*. 
[0 0 4 1] 02OH *5BWO-H*««KJ:«^'f 

-f>57i-7 1 0 5fbT*7 h9-^i!S-& 

wwtBa-fs^an&wjaE-rs^nis^n^ 3 0 izj:-? 
T«F«s*s£a-r*. x-fy^n x-r>y9 i >y©^© 

£#|J5g-f5X'f yy r ->!f • ->7rA4 0 fC«kt>T, X-f 

*&tt«*&:#at-Clfc©/\— F£x7±© 

[0 0 4 2] ftMyfS'B. £TF©1fS8£ (fl9* 
fcf. $I|l->XfA2 OtfcWy h7 — £ • -f >^7i 
-X 1 0(Z*3ViT) Birr*. 
[0 0 4 3] (p'„) „ dtlte, f0X1"7 

[0 0 44] -Wttflfttr (BW ) . :nu, -t 

f«i©tI^*L, c£*<t**. £©til 

jWBt^aOtitjT. $ffl->X^A2 0 
rt. ^fcttfflffll->X5 i A2 0(C*fUT#A-5. 

[0 0 4 5] -SffiliMMB (bw'„„) . c:n»S. 
©X-f v^iZAjjZtlZ hyy^f yi7<D&m-V&2>. Z. 
©Mte^4@©g;J?£3?U =L— *f\Z&ft[sTi%mmz 

titmm*- ^ 3 o n, zwmnzumi'T.y- 

A2 0 C4A?>tl5. 

[0 0 4 6] •tScWa. tffeg 
£r©fe»©fr^5£ (^©iCl#Rg) (ciitiT^ffl^n 
-5. 

[0 0 4 7] ^©-^©fflgte. 

^'5-1'->>^«te©X-l'y^^5,©fi^2|{i$:j^g 



... =p'. 



^. ^fflWic^b-r-So (^Jx.tf^->x^A2 ort 
©) ilt Sffi©1f$a$:ffifflLTKAT©J;3lc 

[0 0 4 8] 

+ c • ( (bw' t «„-a • BW ,.,.,) / (a • BW 1 ) 



( 11 ) 
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) . • • (SCI) 

Z©«*S#»S5t©»5Ctt. 8$&g (tatonnement 
process) tm$tlT^Z> <1989*£. Dryden Press^e. 
%fr£?Ltc. W.Nicholsontck-5 rMicroeconomic Theor 
y, Basic Principles and Extensionsj #fli) . 

#±#bT*ijMf mtev&T&rcu 
»at*Hr»«£. ±i2#^tt, 

[0 0 4 9] #rLVMffi&«. tJfCJtfftlCfTiE^^JnK. 
fcfc©T&-5„ ITiEB*tt. fits (Sffh77^«yi7) 

Rafcfcjfbfct,©-?; 0<a^lta&5. Ctltt, * 
**©£«■©**«»£ (a) fc«Lfc»T?, tt««J:D 20 

*«. SH'jWET***^ (bw i r ,„>a . b 

[oo5o] wesu ©«■»*. ^-fy^fc^iJTxaa 

»i. ffl^>tilitttfffi©ffitt£A&«4§£©^;K3n 

[0 0 5 1] ^tC. NBICiILT, *a«(0*7h7- 

[0 0 5 2] Wai<D«t"5fc, a.—- tf«^.y h»7 — i7 • y 
n-* (NB) «^LTO*»»tttfflTr**. 02 1 
tt. *52W©— &S6»!fcfc«fc*NB£0iJ^Lfc0Ta& 
-5. N7-f • ^n-^tcte. *y hi-? • zTu 
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&$*ITV>*. *y bV—tr • 7n—tl\Z\t!g\Z, a.— 
■tf *ittti— If D-fcX t-f 7i-7t4i-1f 

[0 0 5 3] ffl»B«Fgftt. tt*tttt*-&*rB-©n-|«9 

£^tr«s y d ± y £ nfc *— © 3 > tr =l - 2 
[0054] =L—*rifl. j t<D3L.-+ftmm9t<Dm-?Ty 

[0 0 5 5] 02 8»4. NBR:*»*2|c«Ko— ^ang 



[0 0 5 6] 0 2 8©^f77"S 1 0fc*t>Vtt, a- 
1fOQoS^ , D7r'fM«»t«. NBtt. «T©^ 
@£\ 02 1 tC^T'f >^7x— X5 0SCX7 0m*ft 

[0 0 5 7] QoS7D7 7 -fJHl #^©«j!i©a* 

w^©*£ ^Mzfimzsvf^mtbmt. itiiL, 

ffife«BS©SS>SB15«-^£4e.^ 0 QoSXa7-©|gK« 

us. ltt^WK^jKafiRs-tn-enaiLT^* (q 
os^p^r-rjucMTSAoeu^ttftfa. 1997^9 

^©D.ReiningerRlKR. Izmai lov{x«fc-5Internat ional W 
orkshop on Audio-Visual Services over Packet Netwo 
rks,AVSPN'97©f8^g* rsoft Qual i ty-of-Service for 
VBR+ Videoj SIWBOCi) . =l— V\tfh%.<o\,*V\,$i 
fc»4»S©»**NBIC»J£-r*Ct«tT**. NB 

«. 3.nb©^^;usfe«fi^s:. fFs^^affiPfi© 
»«B (KT^JB) i:W4Hi6ifcSt5fc*i:»i 
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[0 0 5 8] XT-yfS 2 OfCiS^T, =L— tftMSft 

(S 1 . i=l...k) 
10 0 5 9] XryfS 3 OKiJUT. fJrMCD*jf«4I£ 
5tf#T3. f3fS©TOlB (bw, 4 ) «. 77tjf 

77 P U^-->3>7jtVBR-ra&S«^, £© 
ffl WB$C9«jg t £ h IC^-ft-T 5 „ 
[0 0 6 0] XfyyS40II*^T > NB#. ilSgR 

5**15. #l,TV»fcH»£' Uf'>/S4 0 (N) ) . 

{pq 1 , i=i...kj tvm&vm&Mmo)^? b 

[0 0 6 1] ffi*&^.aitffi?rWbTl^»^- {X^vf 
S40 (Y) ) . mSXTV/S 5 0 ©3gT. 

^•yys 6 o Kit*. f:r> ^nsT^f#Lfcit^s 

[0 0 6 2] CdT. «S8#iIiK£n -£><!:. «flik 
«©*JH^«*f^b cet. ^h;Pb 

bw„,= f (^Ml/pq, bw„, 
... <5t2) 

(bw.„) «, tttefc<J:t>T3rM©fi?«*i 
(bw d . .,,.,) HTrai^feSS. 
[0 0 6 7] CCT, ^-r^^^«i|S^i*C!)J;5K*!l 

[0 0 6 8] 7^J^--y 3 >.^^>h^ c(Jtf ^ 30 

no zm*;Rzfm>hv>mi&4ia (bw.,„) fttnir*. 

X-f i T*MSft3*«*©#*«tt. WT©iST 
S£*15. bw^.^bVp', i=l...kt¥t>T, N 
B3fl*«F«r*«*0»««tt. £lT<Z>«Clj£-7&3n 40 
*. 
[0 0 6 9] 

bw max = min{W > 

1=1 max J 

oS7 r n7r<;i'ibw 4 . ll ,, 4 i»6*je)6ti*. Qo 
S©iWtt. «§. R^fCioT. bw.^bw.,. 50 
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= fb', i=l...k} b'tt*-f y^S'lC^JBf 

«CioTlliWStlTH5#, -fe^->3>CD^K*5^ 

[0 0 6 3] JlfcS^HW, «-^-f 5/^0«»0«»* 
^fiMtrf -SCDtCfflt^ftS. C©dtlC«fcoT, ~L — tjr 

[0 0 6 4] ^ICNBlt ^^pq, b 
w„,, ir , d . Qo S^D^r-Ok KO^gS K^h 
^b) 5«ffiLT, (bw,„) SftS-T 

*. 

[0065] nftteni8Kffifflstt*^«e©ggTa& ■ 

[0 0 6 6] 
i.e<. Qo syD77-f;K^^ h;i/b) 

[0 0 7 0] CCT, ±BKWCIBIUT, 02 2&rjC 

mzmwLtc.m'o-xs&z. QoS7"P77-fM, #m 

fclggc O-W D P £}fO *> ©T& o T <b «fc H £ £ 

k7tt>rV>H (VoD) . SfcttT^jt^T 
^">7 r v>H (MoD) ©^^iftl^^lff L/cVi^f' J: 

[0 0 7 1] 02 2©. ?7 7T~m-Ztlfz&mi> S«C 
(softness)yD7 7'-f;i/tlif«n. B Id^f -5&-5® 
Sr^SL. BO»l. KgOtSAICiSL, MICB© 
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->3 >tKLTJL— tHc&ff&Q o S 

& < <h fcfJrSO^tB© B % SiAt5£«S*5J 5 £ v> 
"SiltT**. 02 311, 7-7\)*r- -> 3 >CD^cE-5* 

u icseo t b ^ »caeft-r*3s^«* t> 

y—> a >W^OQ o S 7 7-f J^f ffl LT. * 
[0 0 7 2] H2 3H B©««D«H**l/TV>.5. 0 

«l:^^nfct>OTS5. *F£«fcHLTtt, BO 

I6H (BP*. &*?&ttftgCD$gffl) HO. 2-0. 6CDK 
fiAMfcff^f&StettCDiiwr.fc^T. CIO 

[0 0 7 3] BS@ft5Cil;«toT, OfflJgWttt 

^— ">3 > OHffl*<l9!^ 3 n«C £*«»«„ @22T 

x, ttiE*»*K:Afftv>-3&ei±eDa* (IP*. rga6 
Tiflsv\i r#«fcsv»j AS) Ta&^cii^St? 

«k SKIRTS CI ISIflUc, 02 2©Ctt. 

[0 0 7 4] H©£££&T©«fc3fcM»CJ:-3TK0rr 
liCt^TtS. "7— K^D-fe. 

b w u , „ = b w„ , , , , e „ 



bw, 



: b w. , , 



CI Clefts. 

[0075] g'jcDm^£-rnta\ #-r>hc«. a© 
>hB®nBo«Htt. #»K*ofcttHE*jiift-r* 

[0 0 7 6] H2 2fcw"TJ:3K:. *<>Mfa»JEU 

#<>hBM:»Ji^;i,3ta«L. #-f>hCteij§S 
l^^2S:M#t-rs o 

[0 0 7 7] ^7T, i-tfK. 77U^r-> 3 >^. 

•5. 02 2 i:^$tifcieiitrn7 7'f ;m. ^©j;5t; 

NB«">a< £*>BrS©*^©BXS*Al,tttt*i« 

JSfCg-^T, NBH «RfT**«»t#-f >h IKifi 
[0 0 7 8] ■bw..,£bw. 1 .*t»H|Catl*£, bw 

©ffi*©*«* few-**-*. s^Dfi^-rii. en* 
r#«tt©|*jBWfcj tfftf, ^WJJareto-optimal^ 
(Kra!<^Nicholson©5:i{Sr#flgOd £) Sr^-r-S^O 

[0 0 7 9] «!JSBcObw n , e tt. JBrF©SC3T-5*.5*l 
40 ^„ 

[0 0 8 0] 
(bw.,. ^bw de , i„ ( 0«§) 
(bw,„<bw l!lill( *0, b w. , , ^ b w. , „ O 



bw„,=0 
. • . «3) 



[0 0 8 1] b'/bw... . . . «4) 
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p' +c 

) 



26 



( ( b w, , « + b w' 
. (5£5) 



— a 



[0 0 8 2] 
• BW',.,.,) / (a 

[0 0 8 3] 



BW 



;bw. 



[p' +c 
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20 



( (bw,,, 
• BW,.,.,) ) ] ... (it 6) 

*. *^5£ (5$ 6) tt. Hi;;fc#jS(cl.osed form)£j# 
affile, (SC3^&»6tl%) iJOObw,,, £*3^X 

. . . tt, bw,,, *Tr* 0 SI£ 

n'-5. C«^JS«, MSSRiW^XWX'f y^ZttLT 

[0 0 8 4] f^5t, NBifi. h'7 — ?±iZ 

«4r*a*©»fpfcMr**«s : f«-r-&. nb*». 

(BP*, c, bw',.,.,) SJSlriT^WfcffS 
ftfcjHijftWX&S,, ftoX, n.— 
teitttt. -ton— tf ©»#*»« AK-5* 
fc©X&<5. 

[0 0 8 5] ZldX. Stfl32 8CD7D- 3=-* — h©88 
ISleKS. Xfy/S6 0T«ii (bw...) *« 
Vt%.2tlfz'&. NBH Xf7/S 7 0(Ci5ViT, 

(c^©jgSTejt*Bi^-r^. flr#5i<3A«^»*n*c:. 

•5. 

[0 0 8 6] uCT, #<©:x— tf*Ur>©X-f 

>C#5#**©»M>K:J:D. ISSWtifflft^TjJ***) 
©i-TS. »D©^l— If &-T 21 ©<SiB**spJffi 

ft«r*fc*©i^©JMt&7 , :/D--3 1 tt. fi-o.— y-'ic 
a-tfOlrLHbw ai ,S:, X-f CSoTUSi- 

7yj^r— >g > • -f*c> nc j; -3 

-f'OhOffiWtt&ST**) 5iftt"JOaT*«ft«5iU 
T58tt5. 51««> a • BW,.,,, \Z&-3\,*Tffi&& 
P91L, tet/uiitDZ.^ s/^£A#tt©*>©lc:T*a«» 50 



+ bw' 



-a • BW,.,.,) 



/ (a 
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40 



z © m ig iiss & t> ©x kj* < & * . 

[0 0 8 7] a-1f3&»-fes/>'3>*B*&bJ:5fr*« 
**JK, fF^pJffi^QoSffi (HtCkoTif^orfjE 
S:QoSI*)t8t5*tt. 3.— !ffcJ:t>TW»*tl 
*) **S-r*©fc+»tt*«««*:»n«a:6ttV». « 

»a«Tje"r«»^, n.— iftt*y bv-ziz&to-rzz. 

sft*ST?**. z.<D77-iis>-yjjmtm*mz. c 
■5 bfc»«w?r«w©ftffi*ii«-r*3&«. e«sttfc c a 

— tf©*JSflMBfctt-3Tiittan*. 

[0 0 8 8] cn*TgJBJLTSfc0 2 8©NB©^S 
©Sfttl (X^y^S 1 0~S 7 0) tt. n.— tf*t-fe y -> 

3 >*iMft-r*»&©«a©»n**bfc'b©T»a 
02 8jr^-rx7 L -y/s4 oaff«titQjg$n9«. 0 

T^' I J'fr-->3> • -f^.>h«. KiHigjRfC 

7>^At;ifS£U i#gCD7yUir—>3>-'f'<> 
M3U a pp, t*8B*ns. S2©-T^>htt<IBt&©. 

^M^^-r. cn?>©ffit&'f^>h«, $>zmmmm&) 
(cse^-rs. j #B©«&©^Hiap, £&£3ns. 

[0 0 8 9] mia!LjtJ:5le, ttfflffi*ffi©«ft©XX 

tt, 7yj^r-->3 > • -f ^> N©^*B#Sfctiffit&-f 
^>h©Sfc£P3»;:3S£-fS. IL^bw.,,^, M©ffi 
3.— tfttt-<fc-t©*rU^«X2im«BH 
^tllcteX-f y^6©fi*©aiB*fc»47^ 

[0090] jfcsi. «0ST©*iifl:lcwr*ltt^'*ff 
t, *kJift:«5^p|5»*©fflBTriftw*n*. *^h^ 

©fta**BJfr2t>©ag^BS^»*. lOtiPareto 
-optimalfiJO^TTabO, fep 1 ^teWalrasian^T 

[0 0 9 1] Pareto-optimaltt. Z.tlSk±x.—*ft)t-£<D 
a— If ©W0 ST*, ftSA©^ffl€r<Si)ST-5C<!:^<5Jc 

s-r « z t #x e & v » j; 5 ^ mmtzmmom o a x x & 



27 



( 15 ) 



r>T, teAO&ffl^M^&^TSfrO&flJ^&ST'^ 
Sn— &5©T\ £<DfiJ9 ST«Pareto-opt 
imaltiJO^TlC&S,, L^L, «l!JC5 2 A©:x— +f ic-e 

©MB fcffl 0 S Tfc«£ *> mm tCPar e t o-op t i ma 1 T$ 
-5. fcT, ±fE^tt£&ffl-r-5<h, Pareto-optimalT? 

[0 0 9 2] ^^jgg (tatonnement process) te, ^ 
*0 Aft mm <0 m T^Pare t o-op t i ma 1 \z & £ J: 5 ttffifg. 

(1974^(CDryden Press^ 6*ff*nfcA. Takaya 
ma© rMathematical Economicsj #B§) tztb\Z'fit>tl 
*. -»^a^ff©aiDJa, T£¥&Pareto-o 

ed (p) = (bw* r ,„-a . BW,„ 
H3fttfH4fctt, yXfAfflffiJS, flfH. ROW*© 

fc, SS*^ttft®«^©ft|g-c*-5„ c:n«. «f&© 

[0 0 9 6] cnsWi/^^SrfflliT. (s£ 
[0 0 9 7] 



[*2] 



/I—* 00 
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[0 0 9 3] falrasian¥iHEtt (p.) «. «««t. f| 

[0 0 9 4] Walrasianffi&©££te(i, «#£f®£: 
ft«t**HiIt4i:4t*5, confine, ffi 

[0 0 9 5] 



■ ••> • • • (SC7) 

fl5*pft*ftjS**J:5l=a:*. iintt. J£©i®g©fl| 
S«»#flEt«*6T»6. P#p.«fc?):**H*£, p 

f4p.«ci6i^-3T<gT-r«. cnu, ja^cDss^ftfe* 
[0098] w-mmmhWt.^mz&fe-e&ztuBi-zz 

[0 0 99] 



d p/d t =c • (ed (p)/( 4 
a • BW,. 1 ..,tt— 3tr»* U-fy^ttffWIS^ 

[0 10 0] k = c/ (a • BW,., tl ) 

[0101] 40 
d p/d t =k • e d' (p.) • ( p 

P.= (P.-P.) e'^'^'t+p, 
ddT. p. ttg$J©ffiGteT'a&5. £©fl¥j£^£^.5«fc 

d' (p.) ©«SttftTfc»:«i«&&fcK Jin«iH4 



BW,.r..) ) ... (£8) 

d p/d t =k • e d (p) ... (5£ 9 ) 

[0 10 2] 

-p.) ... (Si 0) 

[0 10 3] 

... Kl 1) 

^7 7Tlt c©ffia<2 5C9B$2 2i09It*i 
fT*>tlTV>S. — cOIA!l0 0i>53 5 0T^ 
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[0104] mz. m%n?m*>tifzm%:iz-D^-aftBji-T 

-5. 

[0 10 5] dil-Cte. zr^^iy>^W&fA^<DCA 
LT7?-f »^<»: C A C&ilkCDm&ZWfe-tZ Z\t\Z 

>->fftffi^W«CPareto-optimal»i!ttWalrasian 10 
¥!5St£ffllB*©BV»*v h? — 

[0 10 6] HJgbfyh&g (CBR) » oJ^t*-yH3S 
« (VBR) . ROTMSVBR h^^-f yi?&&mL 

x 3m<Dmmt*?Tt)tiT\,>z>. i6(i*-rQosyD7 

7^JP#&«ffiK:<£B§SnT^-5. ;©^P7r-fM 
VBR M^— 7,&mmisTmmzMPEGtf7 : *T7>J 
dr— >a >^££j&$n5 (mJidibfcReiningerRtflzin 
ailov©:£iSK£#fi8©;i£) „ 
[0 1 0 7] CBR h?74 y9\*. tttt©tfy hmm 20 

Sft^n^o CBR S77>f y*RtfCBRaS«*gJB 

[0 10 8] VBRh57-f <yi7«, »|ft©kfy KSS 

a. NBt»fao*««cDe*A«»WK:»w*n. sift 30 

5ft77"D-f(l CBROff«BO««l:BbTttJ: 

5t)OT$4. VBRfi. ^^©MfflfcM 
LT, CBR«fc0j{fi*B<J-Ca&-5. -t-ntt, 3.— tfjJ*Sfe 
08#iH«T5. «fc«JifiW**««»AU &D#S 

[0 10 9] H7©*y hV-PT'i*. CBRiMB 
ffiGBR&/Bt>&gSKa«frtonfc. *y h7-^te7t> 40 

U gftte 15 5Mbps Ta&5„ 2 5 0 K 

b p smmzmftztiz. x-r y^mmmt^uy^ 

©g$tt 1 0 0 0 KmTSS. MHfc»8J©;*-f y ^£ 

i. 2. xtt3©#y:7R©stt;&#u ig»©-r>^ 

[oiio] #si»crt(c. y^-r ->>^isbs«{^t© 
«j»iffls*bTt»*. s-^b, «. o. zo/mzm so 



^Hfl5»a«o. l o/Mb{;rffl»laa:££t-u £»c«:5. 

NB©mfc:tte»iijSA««:i»>b©f<Eje-r-5. x-r 

Ott, X<y3 i 3«k0ffl>tJC^-©«&£H#r-r-5. 

[oiii] h«7-^rt©3.— tft:afltan*»« 

©*»Jffl&tfQo SteSSft*>©T?&-5. :x— tft&flj© 
gClC^oT. «0 3T©8Mft*iH*TS*. «^^tlfc 
QoSSSJjrrsfcJ&fc, It- tfX ©»**&#, 

-eneui-e&stws (gob) ^sj-st-rs. GoBth# 
tta, a— tf£4>&< it>^37 3©aK*«a«snfe 

^©^Jt^TSS. tttiB». #*■**©« DUST if 
77iQoSX37^77l:lTt5ii:i<Ti5. »J 
?)ST^77it ^©My^JCiSttSfi^O^ffl^ 
i«4:^#©a«ttjK**-r. QoSX37if77H S 
#T&$F&QoS 9 5-BLt) ©§{f£fr 

tfgc, M&QoS (X 3 7**4. 9 4 iz 
3©H) ©Sm&fr-QT^-SJ.— tfft. £fcte#jg&Q 
oS (Xn7#3*Sa) ©S^SfToT^SJL— yst* 
^©SijaStC^T. 
[0 112] ^©y^-f ->>^S&*^3l5©CACSffi 
<hi£!RL/fc*>©t>S^T;63. CACSftfefcrPl^T, ^ 

TizmmzmwTz. 

[o i i 3] c©affi(i, Mm<Dml^%T(Dfct&\zm^ 
mm&>&g£Tz>. =l— tf*^o#<©«2iS:d<i*. 

X-f -y^lCSimUi^t-tn^^fctVi. &Xrf y^-\t^<0 
'J^XX X-f y^3WWiJ^T?r«a:»««© 

tons, x-f y^tfm&zntzmmvmQiMiT&Tzz. 

fc^m^ X-f y^tt^E-WU^XX HSnJffi?5: 
C©5PrUliU^XX hfi. *OX-f»y 

©X-f yf^O'J?i^hSa- tftjlf. m&M 

\z. ^(*3Tfijfflnrtg^s/jN©^ft^fijoax^ns„ 

^ y -b- i?*<N B JC?lJ^-r-2> i , N B fit ij K) a T nfc 
3 *\ a6T*SntQoS7 g n7r-r 

n«, NB««oax6nfc*-csi«*iB*6-r*. c© 

fjo^x^sta, «kD5Su^g©M«*t£nsfji;:. ^ 
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ocifefts-a-jftttntf^stt^. curia, *7h7- 

4 o 

[0 114] CBRO^KJCkoT, T^UXA^tt 

«6e«toft<a*r*c:4:3^T**. aosTone^ 

Pareto-optiinan?***^^*^ & Kit L 

ifctefe^Tfa, fta«7cf4 6o»n, 20Mb PS os 

[0 115] -»y*ftt»»CACCD«*««H 
2 4l:*SniM. 02 4(C^t*J:5tC, CACftS 
tt, X-f y^StC8 Aon— tf*iT/R— ht"S<Z>*T» 
£> 0 IP%, 7AHe-?I«©2 0MbpsT, 1 AH 

1 5Mb p sti*— e^3&«s«sn«. ^m^(Z)x-r 

[0 116] H8H, X<^0C9^^(DW0^T£r 
^LT^O, 8AB©a-lf3&«#JnU&«FjaT» 
Si^**»«BtftoTV^. *fc, HSfctt, 1A 
S*&7AI©a-f (zl— it* 0-6) (D^-n^titcjS 
«sn&«*MHi, 8Aloa- tf (a— if 7) fcffift 

[0 117] H9tt, QoSX3 7»©^1fftSSL 

Sft8lTS3ftT^5 B WbaTfSPareto-optimanf 30 
1 AB*6:?AB©rL-iftt,,«a6TA»ttX 
T 4 8AI CDn.-- tf *?# SO U tc, 
^oa-if^i(loaT6n4ffif«Sttl 5MbpsT^ 

a~if|ffl<0^^F**£UTl>£. X-fy?H K# 

[0 118] — -f^zsyif-ftffit. B2 4IC3ST 
&o\Z, X-f y^mz 1 0 A©:i— if^if*— Nt*4o 
01 OH El 8 £ dm X-f y^OOffiriSeoSiJO^T 40 
<fc:x— y*0 — 9 tc#J0 ST6ftT^S»«S&SLT^ 

— +fttma©#«iiH (20Mbps) ^ffifflt§ 0 

[0119] HUB, H9 Qo SX3T«CD 

»f*S7SLT^5p MyfOTlt #10 Lit 7 A 

©a— tffcttffl#«©*H*»ti-5. dOiltte, Ell 

if 7^&*?&x a y (c^ftbT^a ^<t^b^t> 50 



32 



5c cntt, 1 OA@<03L— tf (rz — tf9) ^y^7 

[0 12 0] Jfclc, fti^^iflgciL^ 38oTl*S 
a.-if (a-ifiOEW) tt*S©*^>3>£IMfrr 
:nn ^Wctfareto-optimalfflO^T 
BP*, HI OKS-TiSfc. SoL-iffc 

a, sffrai;»««««WDST6n, 01 lii^n^ 

tc, Hi;QoSX376tt5. iItU4* ±T<D3*—1f 

e>x-r y^t>ra«ic»f^-r*. yy-i^yymm, c 

AC&&C95 6 A£J±^T7 0 AM- ifS^y h? — 
^F^TftJfflpJtgtlU, *K2 SXOJfJoSHoT^S. 

[0 12 1] Jfcfc, VBROHSHCOliTKSTS. d 
n?>^t:MLT, «-SI«7ctt3 00MPEGJE«af 

assets cta&i^o m<DMi&\z{¥omm7i 

[0 12 2] B2 6l: 4 y^-f-»^ffita*CDCA 
C©tt*i^SnTV^. H12lt CAC^ffl 

V>& V B Ritfi7C(DX-r :y 9- 0 t£:fctt£^4£il@<£>fij 0 a 
T^SITI/^, B13I1 CAC^ffl^fcVBRlfl 

[0 12 3] -^-01 4tt, *mW<D77^><>ifJj 

^fiSfl^fc VB RlfiTcO'X^y-? 0 l:*tt5 Q o - ■ 

[0 12 4] 02 6^^^J:5t:, CACt^y 
tTl^o L#>U Hi 4 tgl 5 SK^-St, 015 
Tfi»tt^n7<D««*SW*3.— tfoRsftt, BK12 

[0 12 5] CAC*ST8ftSn-5QoS* 
te> 2. 2*>6 5C0MT**. ^nft «#3i«k:«fc* 

[0 12 6] e:cDiisg<ow^. ^--if^ffifiJO^xe 
QoSjl (2. 2t\f±om&*>&Z>) tUZ>o Z<DZt 
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lt£Zo &mtLT, 3.— IfcOQoSt'. «fc9«£o£ 
CO 1 2 7] y7-f-»i/ftfe«, 3.-- yWOcfrL 

LTHSCltSr&tAffiLTtf l/U) o 

[oi2 8] CActM&frzmmznzQosiz, 

[0 12 9] #tc, *f^VBRicWr^i^*(Cg€aL 

155Mbps zl— tf<h<D'J >;7H2 5KmT3b 
-S. #iHft7n«. 02 5 \Zm£?l2> 3 ItDMP EG JElfa 

•3. 7^-Ajg|g«. 3 0, 2 0, SfciJlOfpst 
£5. #P&gte4 8 0X 6 40Stl32 4 0 X 3 2 Of 

o^i-iic^ssns. MftTtn. i#©-r>^-y\* 
[0130] ttmm\dT*<D®ig:tf. mi 6 o 2©** 30 

017 (3 2©^iS^VBRM«7C^Wt--5CAC(39Q 

oS737^77) , 018 (3 2<DttmmvBRmm 

7c$-#-r^7"7-r->>^ffiK)Sijf3^T^57) , 01 

9 (3 2©;tfiS^VBRM«7c£*T-577-f->>^73 

S„ IS 2 7(C^^n^J;'5{c, 3X7j©7j£li3 2 MODiH: 

[0 13 1] 01 7RC/01 9l3fQoSXn7^7 
^^ttKLT^-SiplC. CACftSU d£T"t>m 40 
^i2HffC«fc3jI3i£&5„ l£^T. CACgffite. 

tt&K -73. *^^©7"^-f ->>^7jj£«. 01 9JC 
^fcfcptc. gJ?)T^ ( i;QoS7375 t fc0^<Itt 
f^^Ti*. &<<Dmm. 3 2rL— y-'-feTIC^GDT. 

fij 0 1 t ntcftrnmo-smim*:®} 0 ^ iti® 9 0 

%K}g-f&<»:«##±#LT. 3.-- tfOttffl&ttlfiJL. 

*fc*»fcfeir»*£tt. tajesn, *nfc«fco 50 



8 > 1-19 6 113 

34 

[0132] 5 >7 n«»*Jcai^< , #tfc-c 

h-7-i/(Ja- if. ^5/ h>7-/7 • T'n-ij (NB) . 
&tf7W >y ^© 3 "3©«»*$tr«»iS»Kfc £ AS d 

• 7*n-*tti— !fOX-5?i>htbx*ttU tote 

£ns (futsnitt&BTr&w . v^\miz®im 

W{CNB(cM«$tl-5o 
[0 13 3] y^-i ->>i7'*tWalrasian¥ ; «fC^-r-5 

iCi^S^ns. ^W«tfareto-optimal©^/B#ta#:£tl 

[0 13 4] %Sk*>5, *«9!tt^<o^.— ifoiBT?* 

[0 13 5] ffaillSWCJ:*^^^ -»^fttt. ft 

[oi3 6] ssiaufc^To^iHBflifc^jt**^^ 

tt. #^©7D-$lW7j«(r«fcoT»^-rSa>fcfi— 
9 ^©7jffi(cJ;oTl!if^-r-5n>fcf3. 
— ^ • *y hV— ?<DS — K, zi>tfi — ^ • ^-y h>7 

7jffilC«toT»jf^T-5J;'5{cT-5=i>t°j.-^ • ypy 

[0 13 7] ^feOWOUT'lt. 3>tf^.— iS' • yXf 
8t5V7 h'7XT^«|/r^g^©i3|#c0 1^tc = t 0 x 

- h ^ > h (D#3e©^ fcfieo T n > tf =l —9 zmft 2 
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[0 13 8] 3SR*Ktt. ccTfflnsn* rjt^j s 

[0 13 9] 77h>5l7l4f^^^yH: 

-sj dtai-efr-sa*, *5?w©77" | jy-i'3>oftj& 20 

(bearing) j ^atDf-S. fcT, r^itf 

[0 14 0] fl^x, fflBS'fkOfea&tc, rj>tf^-^/&t 

f- A ©77 & tc <fc -5 fbff£ * * * -5 & a6 (c y 7 

[0 14 1] S^T, #B9!tt*£, *«Wl;:.fc*»fts 

[0 14 2] taaUfeHi£^J{CB€-r-5fcWO 

[0 14 3] 

-5. «*OCACSffiilt«LTfe, *»9!©*yM7 
[0 144] *58WO»iBIM6eyk:J:*r5-f>' 

*ttfca j FfcitSE#£*^Q o s * 3 7^in. 

[HiBOfflfiliftlHH] 

[01] O.— tf, h>7 — * • 7*0- RtfX-fy 
[02] 77>)*r— ->s > • -f f-tftfe-f ^> hO 50 
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. [H3] ffei&> eg. Rtfi&SJg§g©IW&£«-fftffi£ 
[04] fttt. IRS. R^iSfiJ^SOM^SrS-rft^^ 

[0 5 ] c (Dmz&m isTmr$moffifez>mt%: 
[0 6] &m&r?mmztxfzQo syay t-di&tkt 

0Tab-£>= 

[07] CBR»irVBRfcHUTttffl3ftS*y h «7 
[08] CAC©S}££ffll,>fcCBR3|{t7EK:*itt*X 

-r y^o ©^jost©^?*^ 0T&-&. 

[09] CACOaffitfl|^fcCBR3lfll7EK:*W-*X 
-f7fO©QoSX37 • ^77*7Ktitab5. 

[010] y^-f-»ysiS<&ffi^fcCBRM«7cic43 

[011] 5/>^ttifeSfflV»fcCBRSI«7Efc* 
[012] CACO&teSffl^fcVBREifgTclClisW-* 

x-r y ^ 0 ©fj t> 7 £svr0T-&-5= 

[013] CAC©SEft£JH^fcVBRa&«5Gfc*SW-* 
x<7fO®QoSxa7 - y5y$r^-T0i?abs. 

[014] 7*7^ S/>yttjSfeSfflV>fcVBRS«7ct4S 
ttSX-T y^O©fiJOST©y57*ST0-e**. 
[015] y71 , ->>yfefe^ffll/>feVBRjtfi7c(C* 
ttSX-f yfOOQo SX37- :7*7 7£7K-r0T*& 
*. 

[016] CAC©&&£JBV>£3 2<D*ffiS3!VBR3l 
«7C K « 5 fij 0 m X if 5 7 IT * -5 . 

[017] CACOfiffiSfflW;3 2 ©*f|g^! V B Rii 
{a7C»C*3tt^> QoSX37-y77 4*-r0T?&^)„ 
[018] y^-f '»^ttjSefflV»fc3 2©»teS!VB 
R iila 7C *5 -5 3d 0 y§ T © if y 7 & ^T0 T -5 . 
[019] y^-f -»^SEjSS*ffll»fc3 2©^ISSVB 
RjtfflTCtCtJ^'SQo • if 7 7 &7fi-tmX'$> 

-5. 

[02 0] *%W©— ^JfiJg^tCt^X'f u/^Sr*-T0 

[02 1] *%w<D-nmMmiz&z>*yb r 7-i7 • y 
[02 2] *5Bwo-**»i8*«wr*fc«>fc«[ffla 

n-5Q o S 7D7 7"f JP*^-r0TS)-5. 
[02 3] 77" l J^-y3 >tt»;MB©®HSr^-r0T 

[02 4] CBRafB7£CHLT', ?s>ifjj&£ 
a*OCACtffll»fcilS**35«-rHT**. 
[02 5] MPEGKr*OhP-Xl:Ht««ittSS 
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[02 6] VBRi»«7cCHLT, !/5-f -»^2r8;i 
liE*©CAC6«^fc«*fiStHT»5, 
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10, 50 *y bU — {7 • >f >^7x-X 

2 0 3?Jfl9vX^A 

3 0 flf***-^ 

4 0 Z<7f>^* y^rA 

6 0 NBfliffi 

7 0 J--1f • -Y >^7x-^ 

8 0 * * ' J 



[01] 



a. - V 




[H3] 



[04] 



Pi 




[02] 
appi appj+i 



fi 



t 3 



17] 



24-27 



12-19 



4-11 



O 



L 



3 



28-35 



36-39 



4 



20-23 



2 



5 



40-47 



6 



ED(p) 



[H2 3] 



[02 5] 





b emm 


VO 0 
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